Study of Toroidal Current in LHD Experiment by K.Y. Watanabe et al.
§8. Study of Toroidal Current in LHD 
Experiment 
Watanabe, K.Y., Sakakibara, S., Murakami, S., 
Jyobohji, K. (Kyoto Univ.) 
Net toroidal currents of up to 100kA have been observed 
in NBI plasmas of LHD. Time development of toroidal 
currents observed in NBI plasmas has been analyzed. The 
net toroidal current Ip and plasma stored energy Wp are 
measured with Rogowski coils and diamagnetic loops 
installed inside vacuum vessel, respectively. The line 
averaged electron density lle is obtained by the 
measurements with far infrared laser interferometer. Figure 
1 shows the increment of rotaitional transform, Liz( a) due to 
muximun value of Ip as the function of fle in NBI discharges 
at Rax=3.6 m and 3.75m. The toroidal magnetic field Bf 
ranges from 1.5 to 2.75T and Hydrogen gas is supplied by 
gas puff and/or pellet injection. Here Wp ranges up to -800 
kJ, and the Ip of -20 - 60 kA has been observed in the ne 
range of less than 8x1019m-3, where the positive sign of l 
and Ip denotes the co-direction. Liz shifts to the co. direction, 
and this is consistent with bootstrap currents predicted to 
flow in the paramagnetic direction. The envelope of 
absolute value of Lil gradually increase in the density range 
of less than 2x 1 0 19 m-3 and decrease in high density regime. 
The loss of high energy particle due to the shine-through is 
large in the low density regime, and it leads to decreasing 
Ohkawa current. On the other hand, the plasma energy is 
contributed by the density rather than the temperature and 
the collisionality increases with the density. It makes 
slowing down time short and leads to the degradation of 
efficiency of the Ohkawa current. Also, the bootstrap 
current decreases with the collisionality. 
Observed currents are still in transitional state because 
the discharge time is too short to ramp the full currents. 
Therefore, an analysis for time evolution of plasma currents 
is required for accurate comparison with a neoclassical 
theory. The noninductive plasma current h is estimated by 
the following expression: 
Ip + L/Rp.dl/dt = V/oo/Rp + Ib 
where Lp is the internal inductance of plasma, and Rp is the 
resistance estimated by a neoclassical theory. The V/oop is 
one-turn voltage and assumed as V/oop = O. The density and 
temperature profiles are assumed as n = flO (1 - p8) and T = 
To (l-p\ respectively. 
The analysis for time evolution of Ip in typical NBI 
discharge is shown in Fig.2. The L/Rp time is about 2.7 sec 
in this phase. The Ip continues to ramp up during the 
discharge, and starts to decrease when NBI is turned off at 
t=3.35 sec. The h of about 85 kA in the flat top phase is 
estimated. 
Figure 3 shows the comparison between the above-
mentioned h and theoretical model of bootstrap currents at 
R(L( = 3.75m and Bf = 1.5 T . Bootstrap current is estimated 
by using the SPBSC code. The Ohkawa current is cancelled 
out by balanced injection. The pressure profile is assumed 
as p = P o(l _p8)(l _p2). The open and closed circles are 
12 
observed If' and estimated Ib' respectively. The Ib is well 
consistent with theoretical prediction. 
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Fig.1 Increment of rotaional transform due obeseved current 
dependence on density in H discharges. 
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Fig.2 Time behavior of toroidal current and noninductive 
current estimated in a NBI discharge. 
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Fig.3 Toroidal current dependence on stored energy in 
balenced NBI discharges. 
